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GENERAL INTR ODUCTION,  
The definition of the seed in chemical 
terms has not progressed far, largely because each 
plant species has characters tndivtdual.to itself 
and over the flowering plants such is the degree of 
diversity that a very considerable amount of work 
is required 0 . The major classes of compound such 
as the carbohydrates and proteins are at this stage 
of but little., interest and this for two reasons. 
There the differences between compounds are large 
each variation is common to many species.. On the 
other hand, the extremely fine differences of say 
molecular structure in the proteins which are 
Individual to a plant species and indeed probably 
condition the very species itself are so small as 
not to yield to present methods of chemical 
Investigation.. It is therefore to the smaller, 
ntly less significant groups of compounds that 
the investigator turns., The presence of a specific 
ide or an alkaloid very often characterises a 
ant specIes., Thus the chemical 'has .a botanical 
terest.. The potency of the compound often lends 
other interest... 
The natural order Ranunculaceas is one 
tremely rich In alkaloids and although many of 
bases have been the subject of chemical 
Investigation, until comparatively recent years 
2 . 
little was known regarding them beyond recording 
their presence in particular species. The 
chemistry of the Aconite alkaloids and even more so 
that of the Delphinium alkaloids is still in the 
earliest stages of development, and until the recent 
work of Jacobs and Craig (139 and 1940) on 
deiphininé, little knowledge was available of the 
constitution of evens single individual, 
The seeds of Delphinium staphisagria have 
been used extensively in Europe as a. parasiticide 
since the Middle Ages. and it is probably on this 
account that the first recorded investigations on 
the Delphinium species were made on these seeds. 
As far back as 1619 0 Brandes indicated the presence 
of an alkaline substance in these seeds which he 
named "Deiphinin". This work was continued by 
couerbe (1833), Erdmann (1664.), Studer (1672) and 
serok (1874), all of whom, obtained more or less. 
impure forms of delphiñine. The presence of four 
different bases were described by Marquis(1877), 
who carried out an extensive Investigation, and 
confirmed by Kara-.stojanow(1890), who disagreed 
however on the formula for delphinine. The 
properties of a fifth alkaloid - ataphisagroine - 
were described by Ahrens (1699).. 
These investigations were carried a stage 
further. by Katz (1900) who reported no formula or 
melting-point for deiphinine but seems to have 
3 . 
obtained the pure material and performed the first 
experiments on chemical structure. Wall (1922), 
who carried out his investigations on Merckis 
crystallised delphinine, established the formula 
034H4 ,7N09 . He also prepared a crystalline salt - 
the acid oxalate and did some preliminary work 
on the constitution. waiz' formula was confirmed 
by Markwood (192?) who extracted the delphinthe from 
the seed and also examined the fixed oil0 This was 
the position until the recent work of-Jacobs and 
Craig(1939) who now give for deiphinine the formula 
C 
33 45 9 
H NO and who have carried out very extensive 
experiments on the structure of this molecule in 
continuance of the work of walz (1922) and Keller 
(1925). 	In addition Jacobs and Craig(1941) have 
isolated a new alkaloid from the delphinine mother 
liquors by chromatographic adsorption which they Mv 
named staphisine and to which they assign the 
formula C22H310N with reservation. 
Meanwhile parallel investigations on 
numerous American species of Delphinium had been 
going on,promotód chiefly by the harmful physio-
logical action of these plants when eaten by grazing 
cattle. 
G. ge7l(1903) isolated a mixture of bases 
from the roots of various species each showing 
different quantities of the mixture, D. bicolor .27%, 
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D. Menziesii 35%, D. NelsOnhl 72% and D.ecopulonim 
1.30% 1he seeds of the latter were also found to 
yield 1.18% of the mixed bases. This mixture was 
introduced into commerce under the name of 
DeIphocurarine by Merck of Darmstadt as a substitute 
for àurare . Its physiological properties were 
examined by Lobmann (1902) and from it Roy -i was able 
to isolate a small quantity of a crystalline base 
to which he assigned the formula 	 but did 
not names 
Reyl, uepner & toy (1913) carried out 
assays of Delphinium Nelsonit, Delphinium glaucum 
and Delphinium oeyeri and determined the alkaloidal 
content of the different parts of each plant. More 
elaborate was the work of Beath(1919) who compared 
Delphinium •Barbeyi, Delphinium oeyeri and 
Delphinium glauceecens, ad not only reported the 
alkaloidal content of the-different parts of each 
plant but examined the plants at different stages 
of growth. He was thus able to show that not only 
the quantity of alkaloid varied with the stage of 
growth, but that in the case of Delphinium .Barbeyi 
changes in the nature of the alkaloids also took 
place. D. Barbeyl and D. Geyeri both yield, toxic 
amorphous alkaloids very similar in composition. 
ens hydrolysis these amorphous., substances break down 
into lees toxic crystalline products accompanied by 
an acid which is isomeric with acouStic acid and 
a. 
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which is also present üncSbined in the juice of 
these two plants. The bases of D. ®lauäescene are 
crystalline and in no way resemble the crystalline 
products, either free or combined, of the other two 
species. Although numerous physical and chemical 
characters of the various active principles were 
determined, Beath does not appear to have 
established their percentage composition and no 
formulae are stated. 
The presence of alkaloids in Delphinium 
Andersonil, Gry has also been .recorded by Miller 
(1923). In 1936 9 Couch reported the extraction of 
98% total alkaloids from Delphinium occidentate, 
the largest proportion of which was a new base 
02 11153N060 named delta line by the author. 
The most recent of the American species to 
be examined is Delphinium BrOwniis Rydb. 	Manske 
(1038) Investigated the nature' of an alkaloid which 
could not be crystallised. on hydrolysis it 
yielded a. crystalline base of indefinite composition, 
together with anthranilic and metbyl-succinic acids. 
The author states this is the first occasion on 
which methyl-auocinic acid has been extracted from 
natural sources and as this acid contains, the 
isoprene carbon skeleton, makes the interesting 
suggestion that the Delphinium and Aconite alkaloids 
may be isoprene derivatives, 
Besides Delphinium staphisa'ia the seeds 
6. 
of other European species have been the subject of 
investigation, notably Do Iphintum consol Ida and 
Delphinium Ajacis, Foremost in this work was 
Professor Oscar Keller and co-workers who in the 
course of investigations embracing the Hellebore 
group, recorded the presence of alkaloids in the 
seed of 1)o hybrlduxn, Do fOnnO8um, D. rhinante, 
Do chinenand 1). elstum,ltefler(1925)0 
Delphinium Cons olida was one of the first 
species to be examined by eller(l9to) and from the 
seeds he isolated three bases one crystalline, 
described as Base A s and two amorphous - none of 
which was sufficiently pure for analysis. This 
work Was taken up by Markwood(1924) who obtained 
two crystalline alkaloids in a, pure state and 
indicated the presence, of a third. 	Of the pure 
bases one was obviously identical with Keller's 
I 
Base A. r4arkwood named itdelcosine and assigned 
to it the formula21%3NOS'The other, c 25041"08 
wsa named delsal.ine. 	CIQZRga and Iliescli(1941) 
continued this work and found delcosine and deleoliñe 
to be tsaneric with one another and to both alkaloids 
they assigned the formula 0251140w07 . The formation 
of salts and other derivatives was investigated, 
Beyond a brief reference to the thsecticida 
value of the flowers by Benvenuti(1883)., and a more 
elaborate examination of the seed from the same 
point of view by Williams (1914), there is only one 
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other recorded investigation of Delphthtum flacis. 
Keller and vdlker (1915) carried out an 
extensive investigation of the seeds of this species 
and isolated two bases in a.crystaliine state. They 
also examined the physical and chemical properties 
of these Substances which they named ajacine and 
ajaconine respectively, At first it was apparently 
their intention to continue the work of Kellor(l9lo) 
on Delphinium consolida, but after the first stages 
of extraction had been carried out they realised 
that the wrong material had been supplied and 
subsequent examination of plants grown from the 
seed led to its identification as the seed of 
Delphinium Ajacts. 
The extraction of the alkaloids from the 
seed was carried out using a menstruum of 96% 
alcohol containing •5% hydrochloric acid, 	fliis 
alcoholic liquor was then concentrated by 
distillation in v*cuo and fixed oil removed by 
shaking the acid residue with ether. The ether 
also took up a considerable quantity of the bases 
but these were recovered by shaking the ether 
solution with dilute sulphuric acid. This acid 
liquor was added to the principal extract which was 
then treated successively with (1) ammonia and ether 
(2) ammonia and chloroform, (3) caustic potash and 
ether, and (4) caustic potash and chloroform. 'lte 
total crude alkaloids, amounting to 1.4% of the seed 
were thus obtained In four principal fractions but 
only from two of these - the ethereal extracts - 
was it found possible to prepare crystalline 
products. 
The first base isolated, which they named 
ajacine, was obtained from the ammoniacal liquor by 
shaking with ether. The other ethereal solution - 
the third fraction - yielded ajaconine. Ajacine 
was found to crystallise readily from So - 
alcohol In the form of Line needles, melting-point 
142-143 °, but the yield of pure crystalline 
substance was relatively small owing to its 
tendency to resinify.. 	It crystallised with one 
molecule of water, of crystallisation and its 
formula was stated to be 01021wo4 .H20, molecular 
weight 297'2. This however was not in very good 
agreement with the e4uivale;it weight Of 319 
obtained by titration experiments. No mention is 
made of the indicator employed in this part of the 
work. 	It was observed solutions of ajacine in 
alcohol were characterised by a distinct blue 
fluorescence. 
The salts of ajacine were found to be 
extremely soluble and difficult to crystallise and 
such as could be prepared were mostly basic, 
although there was, also evidence of the formation 
of normal salts. The most readily cryatallisable 
salt was the sulphate (C 15H1NO4 HSO 
01 
The chloride 	 and auriobioride
15 
were obtained by precipitation 
methods, while both normal ebloroplatinatee 
(c 15H21N04 ) 2M22t016 and basic chloroplatinates 
01021W04 ) 4R2PtO 16 were also prepared. 
Ajaconthe., melting-point 162-163 °, was 
obtained In large colourless prisms by crystallis-
ation from 95% alcohol. litese, unlike ajacine, 
Were anhydrous and did not lose their lustre on 
exposure. Analysis of this substance did not 
yield satisfactory results but it was found capable 
of combining with one molecule of methyl iodide to 
form a methiodide, written by völker as 
from which the formula 
was assumed for ajaconirie, aithoui the, author made 
this statement with reservation. 
Like ajacthe, the salts oS' ajaconine showed 
little inclination to crystallise and as the amount 
of the alkaloid was very limited, experiments were 
confined to the plorate and the gold and platinum 
salts. No formula for these salts was given, but 
the picnte was stated to have a melting-point lying  
between 115-12 0. Välker t•  findings may therefore 
be summarised as follows; 
Two crystalline alkaloids ajocine and ajaconine - 
are present in the seeds of D.Ajacis and two other 
bases are Indicated. The formula of ajaeine is 
C 15H21N04 • 1120 while in the absence of further data 
10. 
là suggested asthé formula of ajaconine. 
Ajacine is probably a tertiary base while ajaconine 
is a secondary base. The salts of these alkaloids 
are very soluble and difficult to crystallise. 
As these results left a fairly wide field 
for further investigation and as .a reasonable 
quantity of the seed of this particular species was 
available the first necessary conditions for an 
Interesting problem were fulfilled., 	it was 
therefore decided to continue the work of Keller 
and vilker in the hope that by the use of more 
modern methods, further light would be thrown on 
the nature of the conatituents, including those 
already known, of the seed of Delphinium Ajacia, 
MATERIAL. 
For the purpose of this work 5 lbs. of 
Larkspur seed were obtained from Messrs. David sell, 
Limited, wholesale seedamen, Leith. 	te seed was 
described as "larkspur Branching Mixed", and had 
been imported by the seed merchant from Rolland 
In which country these plants are cultivated for 
the supply of seed to the horticultural market. 
Dur ing the course of these investigations a further 
5 lbs. of the same seed were obtained. 	This was 
described exactly as before and had been imported 
by the same firm from the same Dutch grower. 
In order that there should be no dubiety 
it. 
as towhat botanical species the seeds belonged a 
small sample was drawn Off from the main bulk and 
grown on. These were SOWn and grown in conformity 
with normal horticultural practice. The plants 
from both the consignments used were identical in 
every respect and the details concerning them are 
given below, 	 '. 
The plants of either lot could be divided 
into two well defined varieties., 
1) Those with single coroliaE and long epurs. 
2.4 Those with double corollas.. and, shorter 
spurs. 
All grew from 2 to 3 feet in height, and on the 
whole those of the "double" variety. were taller 
and of stouter growth than the others. rthe flowers 
varied in colour -white, pink, mauve and blue 
being equally represented with all the intermediate 
shades 
,
variety (1) A closer examination of 
Individual flowers of this variety revealed that 
they all. conformed very closely to the following 
description. 
(1.) perianth of 5 pataloid sepals of 
which the posterior one is extended 
into a long spur. 
(2,) . one single petal - or perhaps two 
joined - so shaped as to form S 
protective hood over the stamens 
12. 
and pistil. This petal is attached 
to the posterior sepal in such a way 
that it helps to form the spur. 
This whole arrangement of the 
perianth conveys the impression of 
a tubular effect which 'is entirely 
absent from the-other variety, 
(34) Stamens, 15 - 16. 
(4.) Carpéls I, forming S single ovary 
with many QVU]o5:QtX a parietal 
placenta. 
(5,) Fruit,, a follicle, 
Variety (2) The flowers of this variety 
showed less uniformity, but all were distinguished 
by their flattish rosette appearance, as distinct 
from the tubular impression created by the other 
variety. They also showed the following 
characteristics:- 
perianth of S petatoid sepsis of 
which the posterior one is extended 
into a spur, shorter and much lees 
significant than in the other variety.  
In certain specimens the two lateral 
sepsis also exhibited smaller 
rudimentary spurs, 
corolla of 3 petals, distinct and 
none of them forming a hood. This 
characterises the simple "double" 
variety 
or 
aO. 
or 
Corolla of 10 petals in two whorls 
with a further whorl of 4 rudimentar 
petals, which characterless the more 
elaborate type. 
Stamens, 22, 
carpets 1 - 3, forming 1, 2 or 3 
ovaries according to the number of 
carpets. 	parietal placentation.. 
Fruit, a follicle or collection of 
same, 
Specimens were submitted to the 
authorities at the Royal Botanic Gardens, Edinburgh, 
who Identified them as showing the typical characters 
of Delphinium Ajacis although a few specimens showed 
other characters associated with the closely related 
species Delphinium orientate, it is well known that 
the garden variety of annual Delphinium to which 
this material belongs is composed of individuals., 
some tending to show the characters of Delphinium 
orientate while others chow characters more towards 
D. Ajacis, The two species are not too well defined 
botanically, and indeed many competent authorities 
do not separate the species but include them both 
under Delphinium £jaeis. Specimens typical of all 
the forms occurring In the material were pressed and 
placed in safe custody in the Physiological section 
of the University Department of Botany. 
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SAY OF THE aEED.. 
Before proceeding with extraction and 
separation of the alkaloids from the main bulk of 
the seed, It was decided, to carry out an alkaloidal 
assay on a small portion. Furthermore white vb1ker' 
methods of separation were in general quite commend-
able, it was clear that Improvements could be 
introduced particularly into the Initial stages.,. 	
S 
His process of extracting the seed with acidified 
alcohol, while completely successful in removing the 
alkaloids, dissolved out large quantities of fixed 
oil with equal facility. 	This led to considerable 
emulsification trouble at a later stage as the 
alcoholic extract contained, besides oil and alkaloids 
resins and many other impurities. 	it was felt that 
initial extraction of the oil with petroleum ether 
of ]ow boiling point would remove the principal. 
factor promoting emulsification and in addition 
it was hoped by this means to separate the oil in 
such a state of purity that Its physical and chemical 
characters could be studied,. While carrying out 
the alkaloidal assay it was decided to put these 
theories to a practical teat. 
200 gm. of the seed were taken and bruised 
in a stone mortar until reduced to a rough powder. 
The powdered seeds were then transferred to a 
suitable vessel and macerated with 11 litres of 
petroleum ether (boiling-point 40/60° ) for two days 
3-5, 
with frequent agitation.. The petroleum ether 
extract was then filtered off and the solvent 
recovered by distillation on a water-bath. 
Meanwhile extraction of the seed was continued with 
two further quantities of petroleum ether which in 
turn were distilled. The oily residue was collected 
In a tared basin. 
The defatted seed was now dried by exposure 
to air and sifted, the fine powder being separated 
from larger particles arid whole seed which had 
escaped pulverisation. The un.round portion was 
now bruised and macerated separately with a further 
litre, of petroleum ether for one day-. 	This extract 
was filtered and distilled as before, the small 
quantity of oily residue being added to the remainder 
already collected. 
Extraction of fixed oil being virtually 
complete the seed mare was again allowed to dry in 
air. 	It was then returned to the vessel and 
extracted with four successive portions of 90% 
alcohol each of 1200 c.c. These were filtered Off 
and concentrated in turn to small bulk by dietillatioi 
under reduced pressUre, temperaturt not exceeding 500 
The last liquor was colourless, but as it showed 
traces of alkaloid it was decided to dry off the seed 
mare again and powder the larger particles. After 
sifting through a fine sieve, the coarser portion, 
amounting to about eo% of the whole, was reduced to 
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a tine powder, but only with considerable effort 
as it consisted largely of ,seed-coats and was 
exceedingly resistant, The total seed powder was 
now returned to the vessel and again extracted with 
three further portions of 90% alcohol, each of I 
litre, 	the first of these liquors showed a 
considerable quantity of alkaloid indicating the 
necessity of having the seed in a tine state of 
comminution, if complete extraction was to be 
achieved. The final Liquor showed only the merest 
traces. 
These liquors were also concentrated by 
distillation in vacuo until the combined total 
alcoholic extract measured about too ccc, it was 
a clear reddish brown syrupy liquid and, to complete 
removal of the alcohol, was diluted with an equal , 
volume of water and again distilled under reduced 
pressure. The liquor now presented a milky 
appearance due principally to the presence of fixed 
oil which quickly separated to the surface on 
standing. To facilitate removal of the oil, the 
extract was transferred to a separating funnel and 
acidified with 20 o.c. normal sulphuric acid which 
had first been used to rinse the distillation flask. 
The flask was further rinsed with 30 c,c. water, 
which washings were also added to the liquor in the 
separating funnel. 60 c.c. petroleum ether were 
now introduced and after thorough shaking the liquid 
17. 
separated completely into two portions, of which 
the upper layer contained all the fixed oil in 
solution in the petroleum ether. This was •carefull 
separated from the aqueous portion which was washed 
with a further portion of petroleum ether. Both 
petroleum ether liquors were added to the oily 
residues already collected, l4ost of the solvent 
was now removed from the oily- residue by evaporation 
in vacuo, the oil being finally heated on a water-
bath for lb minutes until completely tree from petro 
'odours, It was then cooled and wetehed. 
Total fixed oil In 200 n. seed = 77.5 g, 
= 38.7.5%. 
Meanwhile it was shown by tea ting with 
t,tayerts reagent that this oil contained a small 
quantity or alkaloid. 	It was accordingly dissolved 
in twice its volume of chloroform and shaken with 
three successive portions of dilute sulphurto acid. 
Each was tested with Mayor's raaent, the last 
showing only the merest traces of alkaloid. These 
acid liquors were added to the acid extract contain 
the math bulk of alkaloids forming a pale coloured 
solution which required no filtration. 
This solution was now transferred to a 
separating funnel and made alkaline with ammonia, 
thereby liberating certain of the alkaloids in the 
form of a dense white precipitate rhich quickly 
curdled and floated in the liquor, This was 
18•9 
dissolved out by shaking with two succeesive volumes 
of ether, the ethereal solutions being sot aside 
to evaporate in an open basin. - No further 
extractions with ether were made at this stage; for 
although such extractions removed small quantities 
of alkaloid it had been iound that such bases were 
not identical with the one precipitated by aiaoriii 
and it vas desired as tsr. as poso ibis to ri&ke 
separate estimate of each of the crude alkaloids, 
On evaporation of the ether, the bass 
remained as a yellowish-white, partly crystalline 
residue. This was dissolved in dilute sulphuric 
acid and re-extracted by making alk&l&ae with 
ammonia and shaking out with several volumes of 
ether. 	She precipitated alkaloid was much irhlter 
than On the previous occasion and the ether alutions 
virtually colourless. The ether was again removed 
by spontaneous evaporation in a tared basin, the 
residue being dissolved in $ c.c.anhj -drous alcohol 
and heated on a water-bath to constant weight. 
Crude ether-soluble alkaloid in 20.0 w,seed 
(Base A : presumed ajacine) = s930 g. 
= •4657,. 
The original ammoniseal solution was now 
extracted with chloroform until it no longer yielded 
alkaloid to this treatment. Three extractions were 
19. 
suffidtent. The first was pale yellow in colour 
but the others quite colourless, They were at 
aside to evaporate in an open basin. me 
alkaloidal residue which was pale brown in colour 
and of a syrupy consistency contained darker 
particles of a resinous nature. TO remove these 
the residue was dissolved in dilute sulphuric acid 
and filtered, the base being again recovered by 
making alkaline with ammonia and shaking oütlwith 
chloroform, It was noted here that addition of 
ammonia to a 'Solution of this base caused no 
precipitation. After spontaneous evaporation of 
the chloroform in a .tared basin, the syrupy residue 
was dissolved. in S .c.c. anhydrous alcohol and dried 
to constant weight on a water-bath. 
Crude chloroform-soluble alkaloid 
in 200 921.Seed(BaSe ) = 1.234 gm. 
= •617% 
A large excess of strong caustic potash 
was now added to the original solution which was 
again extracted with ether until the ethereal 
extracts ceased to give a positive reaction with 
mayer's reagent.. 	AS the alkaline liquor at 
this stage also gave no reacticn for alkaloids 
it was re3ecte&. 	te residue on evaporation of 
the ether itquort consisted of a white amorphous 
substance with which was associated some brown 
20. 
viscous material. As this was obviously impure, 
it was redissolved in dilute acid, the solution 
filtered and the base reprecipitated with 
concentrated potassium hydroxide. 	on this• occasion 
It formed a white curdy precipitate which was 
completely removed by shaking with ether0 jte 
residue on evaporation of the solvent was white and 
amorphous. 	It was taken up with anhydrous alcohol, 
2 c.c., and dried on a water-bath to constant weight, 
Crude ether-soluble alkaloid in 200 gm.seed 
(ease Q : presumed ajaconine) = '127 gui. 
'064%. 
As a result of this preliminary 
Investigation it was established that the material 
contained at least three alkaloids and a large 
quantity of fixed oil, 	It was also continued that 
no undue emulsification difficulties were encountered 
If this oil was removed by initial extraction with 
petroleum ether. 
EXTRACTION OF THE $EED 
Having decided on a suitable method of 
extraction, the main bulk of the seeds was treated 
in the manner outlined above. 2 km. were ground 
to a rout powder and after damping with petroleum 
2]. 
ether: (b,p, 40/600)  were packed In a stone 
percolator. More petroleum ether was then poured 
on until sufficient had been added to cover the 
powder, In all about 21 litres were required. 
• The powdered seed was thus macerated for three days 
before the liquid was allowed to percolate. The 
solvent was now recovered from this percolate by 
distillation and used for further extraction, while 
the oily residue was reserved 	This process of 
macera-percolation was repeated a further three 
'times each with 21 l&tres of petroleum other. 	The 
last percolate was colourless in contrast to the 
first two which were decidedly yellow, and yielded 
only 4 grn, of oily extract. 	The combined oily 
residues were then heated in vacuc at a tomperature 
not exceeding 60° until free from the odour of the 
solvent. 	The yield at this stage was 534 gm . 
= 26"7%. 
As this only represented about two thirds 
of the reported oil contcnt, the powdered seed was 
allowed to dry in thd air and after sifting, whole 
seed and coarser particles were reduced to a finer 
powder. It was then returned to the percolator and 
extracted with a further two quantities of petroleum 
ether, each of 21 litres, 	These extracts were 
distilled as before and an addittgnal loo gm. of 
fixed oil = 5% were thus obtained 	This was added 
to the previous quantity and reserved for Farther 
examination. 
22. 
The seed juarowas now again dried off 
until, free from the odour of petroleum ether. It 
was then transferred to a suitable percolator and 
macerated with 5 litres of 90% alcohol for six days, 
after which the liquor was allowed to percolate. 
It was then concentrated by distillation under 
reduced . pressureata temperature, not exceeding 60 0 . 
It was observed that the concentrated extract 
contained a considerable proportion of oil which 
separated readily. This showed that petroleum ether 
has less penetrating power than alcohol. The 
recovered alcohol was used for further extraction. 
In all ten percolations each with 5 litres of 90% 
alcohol were carried out, the last of these only 
showing the presence of mere traces of a.lkaloid when 
tested with Mayer's reagent. 	These liquors were 
all concentrated in turn, the combined extracts 
being set aside. 
Having completed extraction of the seed 
with alcohol, a small portion of the mare was dried 
by exposure to air and examined to determine whether 
or not complete extraction of the alkaloids had been 
effected. Seven samples of this dried powder, each 
of 4 gii. were extracted with the following solvents: 
40 c.c. water. 
40 c.c. hydrochloric acid 1%.. 
4.oc.o. Prollius' Fluid 
(ether 25: chloroform 8: 	) 
(alcohol 2.5 : ammonia(lo%) 1,) 
23. 
The other four, before extraction, were each mixed 
with slaked lime, damped with water, allowed to 
stand for a day and dried off at 400 . 
(4) 	40 c.c. petroleum ether (40/60). 
(5) 	40 c.c. ether. 
(6) 	40 c.c. chloroform. 
(') 	
40 c.c. alcohol. 
After 24 hours these extracts were filtered off and 
examined with tayerts reagent as follows. 
Extract treatment Mayor's 
reagent. 
(I) Water pale brown  Acidified copious 
liquid, with dii, white 
Somewhat E.Cl. precipitate 
frothy. 
 MCi, 1% As 	(1) copious 
white 
precipitate 
 proilius' Clear Evaporated Slit 
Fluid colourless to drynesà precipitate 
liquid & dissolved 
residue in 
dil.. ,gci 
 petroleum No 
Ether. As 	(3) As 	(3) precipitate 
 Ether As 	(3) As 	(3) Slight 
precipitate 
• (6) Chloroform As 	(3) As 	(3) slight 
dimness 
(7) Alcohol As 	(3) AS 	(3) Slight 
precipitate 
?4.. 
'These results served to indicate that 
there were still small quantities of alkaloids 
present in the seed powder an4, that these could best 
be extracted by means of water or dilute hydrochlori 
acid. 
As It was possible that the presence of 
dilute acid might induce hydrolysis of the alkaloids 
especially during concentration, its use at this 
stage was undesirable. Further extraction of the 
seed marc was accordingly carried out with lo litres 
water in which was dissolved '25% chloroform to 
prevent fermentation. After three days maceration, 
the liquid was poured off and filtered, and the 
filtratq concentrated by distillation under reduced 
pressure at a temperature not exceeding 550• At 
first considerable trouble was experienced with 
frothing. The addition, from time to time, of a 
drop. of capryl alcohol broke the froth immediately 
but the effect lasted only for a few minutes. It 
was found that this trouble could best be avoided 
by the addition to the filtrate of 25% of its own 
volume of alcohol. This mixture was then slowly 
sucked into the flask one drop at a time while 
distillation was proceeding and at approximately 
the same rats. The amount of liquid in the flask 
was thereby kept at a minimum and any tendency to 
froth was broken by the alcohol vapour introduced 
with each drop of the liquor.. 
25. 
Extraction with water, using 10 litres on 
each occasion, was carried out four times in all, 
the final liquor giving virtually no reaction for 
alkaloids, when tested with Mayor's reagent. Each 
was concentrated in turn and the final concentrated 
liquor measured 2 litres. 	It was a thick, blackis] 
brown, mudd'1tquid,strongly'acid to litmus, and - 
on standing formed. a considerable deposit which was 
removed by filtration. 'e liquor was .:set  aside, 
and meanwhile fermentationwas prevented by the 
addition of a few drops of chloroform. 
The seed powder was now considered to be 
exhausted but before final rejection, 50 Sm. Of the 
dried pcwder was digested in the cold for four hours 
with 100 c.ó9 2% hydrochloric acid. A few C.CO 
were 'filtered off and digestion continued on a.water 
bath for 30 minutes. The liquid was cooled and 
filtered. Both extracts were tested with Mayer's 
reagent but, . as expected., with entirely negative 
results. 	. . 
This completed the extraction of the 
principal constituents or the seed. These were now 
available in three extracts: (1) A.petrolOum ether 
extract; (2) An alcoholic extract; (3) An aqueous 
extract • Each of these was now the subject of a 
separate investigation. 
I 
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PETROLEUM ETHER EXTRACT. 
As it bad previously, been observed that 
the fixed oil as extracted by petroleum ether. 
contained an appreciable quantity of alkaloidal 
matter the separation of this was the first 
essential. 	It was achieved by dissolving the 
total oily extract, amounting to 634 pa,, In twice 
its volume, of chloroform and shaking this with 
successive quantities of dilute sulphuric acid 
until, teats shed complete removal of the 'alkaloids. 
The mixed acid 'sclution.which was virtually 	/ 
colourless, but cloudy owing to the presence of 
traces of oil, was clarified by filtration. The 
total alkaloids were then liberated by the addition 
of excess caustic potash and taken up by shaking 
with successive volumes of chloroform. After. 
removal of most of the solvent by distillation under 
reduced pressure, evaporation ' dryness was continue 
in a vacuum desiccator. 2250 Sm. crude 'mixed 
alkalbidswere thus obtained as a pa)e.brown toffee-
like mass, This was dissolved in a small quantity 
of dilute sulphuric acid and Set aside to be worked 
up with the crude alkaloids obtained from the 
alcoholic extract. 
Meanwhile the chloroform-oil mixture was 
also distilled under reduced pressure until most of 
the chloroform had been recovered. After further 
evaporation.in vacua the oily residue was finally 
heated on a water-bath until free from the odour of 
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the solvent. The fixed oSil as thus purified was 
of a deep golden-yellow colour and had a character-
into strong rank odour. in cold weather it 
par,tially solidified. 
A careful analysis of the. oi1 was carried 
out with the following results, 
specific gravity at 15.5° .. 0905 
Saponification value 	192.9 
Acid value 	 132-2 
iodine value (wijs) 	83-9 
unsapcnifiable residue 	1.04% 
These values were determined by the 
methods described In the ElritiahPharmacopoeia,1932b 
The oil was miscible with the usual 
organic solvents - ether,, chloroform, acetone, 
petroleum ether and anhydrous alcohol -' b3it not 
with 95% alcohol.. . . 
AQUEOUS EXTRACT 
it was obvious from the consistency and 
colour of the aqueous extract that it contained 
much extraneous matter and that it would require 
considerable puzification before any attempt could 
be made to remove the alkaloids. As a preliminary 
to clarificatin of the liquid by means of lead 
acetate, it was acidified with dilute hydrochloric 
acid. This caused the almost immediate formation 
28. 
of a dark grey precipitate which remained suspended 
in the liquor and was only filtered off with 
difficulty. 	uavtn€ - been formed in acid solution, 
this was most unlikely :to be of the-nature of an 
alkaloid, Nevertbe4Oss in conformity with the 
principle of rejecting no product without investig-
ation this precipitated substance was examined; 
fl was fond to be-of ran organic. nature, ytflding 
little or no ash. .It-diao1ved in ammonia ,and was 
reprecipitated by acids. It yielded ammonia on 
heating with sods lime and was probabLy.:.a protein.. 
it wa8 definitely not an alkaloid and was in 
consequence rejected. 	 - 
TO the acidified mother - liquor was now 
added strong solution- of Lead Subacetate (British 
pharmacopoeia 1932 until precipitation ceased, - 
Excess of lead was removed as lead =alata by the 
addition of - oxatte acid0 the copious deposit of 
lead salts and organic matter was - removed by 
filtration and examined for alkaloids, only more 
- traces were found Indicating clearly that no loss 
of the bases had occurred, as oftene happens with 
this method of purification. That the process was 
exceedingly- efficient as a means of removing 
extraneous matter was indicated by the tittered 
mother liquor which was of a pale sherry colotr and 
in a conditicr. suitable for extraction of the crude 
bases. 	 - 
29 
The addition of a large excess of strong 
caustic potash now precipitated the alkaloids which 
were entirely removed by extraction with several 
volumes of chloroform. The mother liquor, now 
being exhausted, was rejected. The, crude bases 
were recovered by distillation of the mixed 
chloroform extracts and subsequent evaporation'in 
vacuo of the alkaloidal residue. The Yield was 
0655 gm. total crude alkaloids in the form at a 
pale brown toffee-like mass. This was dissolved 
In dilute sulphuric acid and set aside to be added 
to the principal extract in due course, 
ALOHONOLIC .EXTRACT 
This extract, measuring 550 c.c.,'was a 
transparent reddish brown syrupy liquid, from which' 
had separated a little fixed oil. . It contained 
most of the alkaloids •Originally present In the seed. 
11 	
As a preliminary to removing the oil, it was diluted 
with an equal volume of water and distilled in vaouo 
at a temperature below 50 0  until tree from alcohol. 
The residual liquor was now acidified with dil%sto 
sulphuric acid and transferred to.a separator, the 
flask being rinsed with more acid, 4 considerable 
quantity of oil was now In evidence and was removed 
by shaking with three' successive quantities of 
petroleum ether. The oil thus obtained was dark. 
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reddish brat in colour. It obviously contained 
many Impurities and was r6jected 	to this defatted 
liquor were added the too alkaloidál solutions 
obtained from the ?etroleujn Ether" and "Aqueous" 
extracts so that this combined solution now contains 
the total alkaloidal content of the seed. 
Here a departure was wade in the method of 
separation Outlined earlier In the assay process. 
There were indications that certain of the alkaloids 
were weak bases and as such were readily extracted 
from acid solutions by organic solvents. Others 
were apparently only extractable from alkaline 
solution and it was thought this difference might be 
utlilsed to bring about their separation, 
Accordingly the above acid solution was 
shaken repeatedly with chloroform but althOugh ten 
extractions were carried out it was not fcund 
possible to remove all the weak bases by this method, 
The chloroform solution was highly coloured with 
resinous matter and was reserved for later 
investgàtioa. 
The acid solution was now rendered alkaline 
with excess of ammonium hydroxide, which Immediately 
liberated a considerable quantity of alkaloid as a 
white flocculent precipitate. This was taken up by 
shaking with ether. Whilst standing overnight to 
allow time for the separation of the two liquids it 
tha t 
was observed/the bass crystallised out in the ether 
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to a slight extent in the form of small rosette-like 
clusters of needles. Further extractions with 
ether were made and the combined extracts reserved. 
The resulting ethereal solution was only slightly 
coloured and was characterised by an intense blue 
fluorescence. Although a considerable number of 
extractions were carried out on this occasion it 
was found later that for complete removal ot US 
precipitated base not more than three or four are 
necessary. If extraction with ether is carried on 
beyond this limit other alkaloids, although only 
slightly soluble in this solvent, are taken up in 
appreciable amounts and lead to contamination of the 
:principal alkaloid. 
The aimnoniacal mother liquor was now 
with chloroform until it yielded no further a 
material to this solvent. 	In all four extractions 
were required 	The chloroform liquors were pale 
yellow in colour and were reserved. 
AS the mother liquor still gave a strong 
response to tests for alkaloids, caustic potash was 
added and extraction continued with ether. At 
first no precipitation occurred and it was only when 
a concentrated solution of the alkali was added in 
considerable quantity that the base was liberated. 
The base was very soluble in ether and was completely 
taken up in three extractions, •Extraction was then 
continued with chloroform but no further alkaloids 
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'p 
	 were forthcoming. As tests on the mother liquor 
now showed.reüoval of the alkaloids to be complete, 
this was rejected0 its ether liquors were reserved 
or further investigatton. 
As a result of this work, the total 
alkaloids were now roughly separated in four 
extracts.. 
Weak bases 	 - in chloroform. 
.Base A (presumed ajacine) in ether. 
(s) Base 5 	. 	 - in chloroform. 
(4) Base (;(presumed ajaconino) in ether.. 
Extracts (2) and (4) containing the bases already 
known were the first to be investigated. 
BASE A. 
The ethereal solution containing Bass A 
Was first distilled to remove the solvent, and it 
was observed at a point when most of the ether had 
been distilled that the alkaloid crystallised out in 
the residual liquor in masses of fine, white silky 
crystals. . This liquor consisted largely of water 
which had, bean taken up by the large volumes of 
ether used during extraction, sufficient dilute 
sulphuric acid was added to dissolve these crystals 
and the acid solution was transferred to a separator 
where the alkaloid was reprecipitsted by the additi 
of excess ammonia and again taken up by ether. 
After three extractions, which were sufficient to 
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dissolve out the precipitated ease A s the mother 
liquor still retained a considerable quantity of 
alkaloid. This was completely removed by shaking 
with chloroform, the chloroform solution being added 
to Extract (3) sines the bases were probably. 
identical. 	This process of precipitation and 
extraction was repeated four times in all by which 
time most of the contaminating alkaloid had been 
removed and added to the appropriate extract. The 
final ether solution of Base A was transferred to an 
open basin and the solvent removed by spontaneous 
evaporation. The residue, a yellowish white 
amorphous substance, was dried in vaeuo. yield 850 a 
The substance was now crystallised from 
6c% alcohol but difficulty was experienced with the 
first attempts. 	tithe many Delphinium alkaloids 
Base 'A' roetnifies fairly readily and the impure 
substance as obtained above contained a small 
quantity of resinified material. This not only 
Introduced an objectionable Impurity but during the 
process of crystallisation seemed to catalyse the 
formation of more resin with simultaneous 
degradation of the alkaloid. As a direct 
consequence the yield of the crystalline base was 
ámali. 	The crystalline material was eventually 
obtained by dissolving .the freshly precipitated 
substance, still moist after collection and washing 
on a aichner funnel, in a sufficient quantity of 
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warm alcohol (90). 	The moist precipitate was used 
since the substance in this condition dissolves 
more rapidly and easily and the solution is less 
coloured than when the precipitate is dried 
beforehand. Drying, even in vacuo, promotes 
resinification. To the warm solution in alcohol 
was now added 50% of its volume of water at the same 
temperature, and on cooling the base crystaflised. 
In the form of flue silky needles suspended in clots 
throughout the liquid. 	It should be noted that the 
above amount of water is just sufficient to make the 
concentration of alcohol equal to 60 1, and care must 
be taken not to exceed this quantity otherwise the 
alkaloid, instead of crystatlisin, will be precip-
itated as an amorphous mass.. 
The crystals were sucked off on a Buchner 
filter, dried and weighed, yield 0.765 gm. They 
railed to give a sharp melting-point and were 
purifie4 by repeated crystallisation in the manner 
described above until, the product obtained melted 
sharply 134-135 ° . This melting-point and all 
stated herein were determined by the use of the 
micro-melting point apparatus. 
The pure-air-dried crystals were analysed 
and the percentage compositionof the substance 
determined. The methods employed were a micro-
adaptation of the combustion process for carbon and 
hydrogen. and Dumas' proces,fpr...nitrogen. 	.'jtsse 
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analyses and others which follow were carried out 
by Dr. G. Weiler, oxford. 
S'lSS mg. substance yielded 11"0680 mg.002 
and 3'55Omg. P1 20 
= carbon 61"79% 4 hydrogen 7.65%. 
60:513 mg. substance yielded •0'256 c.c. N 
at 739/16 ° 
Nitrogen 
¶Jto percentage of water of crystallisation 
was determined by drying over phosphorus pentoxide 
under reduced pressure at .100 0 . 
4-929 mg.. substance lost 0296 mg.. when 
dried for 3 hours at iQØ under high vacuum 
C.. 	 PT2 Q 
Pound 	 61'79 7'65 	405 0 	601 
Calculated for 
0 16H21N04 '1.11,0 	 6212740 	4.53 	5-82 
These ana..tytieal results are In good 
agreemezit.vith the theoretical.. The alkaloid is 
undoubtedly ,  identical with völkor's .ajacsne, although 
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his formula, . (015R21N04 	S}WWB one carbon. less 
than its above.. 
Ajaoine, c, 6H211Q06 •!H2 0, as obtained above 
occurs as tics white silky needles., 	it is readily 
soluble in alcohol, chloroform and acetone, and 
fairly soluble in ether. Both the ethereal and 
alcoholic s.olutione exhibit a powerful blue 
fluorescence which is ohflacteriq tic o f this base 
amongst the Delphinium alkaloids 3D fur .tsolated 
It is practically insoluble in water. contrary to 
Völksr's statement the cryatais do not .1030 their 
lustre on exposure, nor their water of crystallis-
ation even when allowed to stand for several week: 
over such dehydrating agents as fused calcium 
chloride, 
The optical rotation was measured as 
follows. 
0-0659 M. ajacirie in 10 c.c. chloroform  
Temperature 16 	 + 350 in1c3m.tube. 
in chloroform (C O'659). 
A molecular weight determination was 
carried out by Ra8t'jS camphor method with the 
following results. 
l•860 m. ajacine dissolved in 201175 mg.camphor 
Depression = 11 0 
Molecular weight = 335. 
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Within the Ittuits of experimental error 
this shows reasonable agreement with the calculated 
molecular weiLt of 309•4 and confirms that 
C13H21NO4 fl2Q Is the true formula. 
In the course of his investigations, 
vblker lade several determinations of the equivalent 
weight of ajacine by volumetric methods. He 
dissolved the pure crystalline base in an excess of 
N/leo hydrochloric acid and back tttrated with 
N/too potassium hydroxide. 137 an unfortunate 
omlision he does not state the indicator he used, 
fls results for the equivalent weight varied from 
390 to 315, but beyond stating that these are 
higher values than that required by his molecular 
weight of 297'2 the matter is not further discussed. 
With a view to clearing up this point, and 
at the same time hoping to furnish further evidence 
in confirmation of the formula and molecular weight 
of 309°4, i carried out a similar titratiofl 
experiment. The pure crystallised ajacine was 
dissolved in excess N/50 sulphuric acid and back 
titrated with t.J5eodLum  hydroxide,.. Methyl red 
was used as an indicator.. 	The first titration 
gave a surprisingly high figure for the equivalent, 
6974, being more than double the molecular weight, 
but it was obvious that the colour change -, using 
this indicator, did not take place till the 
formation of the basic salt. 
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The results, being considerably above the 
theoretical, the titration was repeated, but 
precautions were taken to ensure that the substance 
was free from adhering moisture. vblker states 
that the crystals lose water of crystallisation on 
keeping and that the anhydrous substance gains 
weight by absorption, This had not been my 
experience but precautions were taken to remove any 
possible adhering moisture as this would give high 
results,, 
A email quantity of pure crystalline 
sjacine:1'O.e525 gn., was carefully weighed and 
allowed to stand for 24 hours over phosphorus 
pentoxide in a vacuum desiccator.f :ate substance 
then showed a slight tendency to acquire a yellowish 
tint, but far from losing weight was found to have 
made a very small gain and now weighed 0•0530 gm. 
It was returned to the vacuum desiccator for a 
further 48 hours, being weighed at the and of each 
24 hour period, but no further change took place 
either in weight or appearance • No further 
darkening was observed and the crystals still 
retained their silky lustre. The weight remained 
at o'oSSo gm. This experiment thus demonstrates 
that pure crystalline ajacine is quite stable at 
normal temperatures and does not lose water of 
crystallisation overt under high vacuum over 
phosphorus pentoxide. It showed the crystals 
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contained no adhering moisture. The increase in 
weight of 0.5 mg. was possibly due to flight 
resinification which would also account for the 
development of the slight yellow colours 
The titration was carried out in the same 
manner as before, using the same indicator, and it 
was observed that the change in colour of the 
titration solution Vrcm pink to yellow was gradual 
over 0.4 c.c, Readings were taken when the first 
colour .. chane to orange took place.. This was taken 
as the correct end-point since ajacine is a weak 
base and its salts with - strong acids are in 
consequence slightly acid. 'The equivalent as 
obtained from this titration was 625. :This figure 
is approximately double the molecular weight of 
309'4 and, within the limits of experimental error, 
confirms the latter to a remarkable degree. It is 
also further evidence of the tact previously 
established by v611er that ajacine forms basic salts 
of the type (Base)2 .11cl. 
J4OINE anan. 
As a certain measure of success had been 
attained in, preparing an oxalate or ajaconine 
(described later) inasmuch as good crystals of 
definite melting-point had been formed, . it was 
considered that the same methods might be applied 
with equal suócoss to the other bases which. had been 
isolated. This as particularly desirable in the 
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case of ajacine as no satisfactory salts of this 
alkaloid had previously been obtained. Furthermore 
by using a dibasic acid such as oxalic acid, three 
types of salt were possible - acid, normal and 
basic - this last being one of the unusual 
chai'acteflstics of ajàc ins. 	It was therefore 
decided to try toprystallise the normal salt first 
and in the event of failure, to divide this solution 
into two parts, adding an equivalent of the base to 
one and an equivalent of the acid to the other. In 
thià way solutions of the basic and acid salts would 
be formed. 
Accordingly 0-62 gm. pure crystalline 
ajacine was dissolved in 45 c.c, anhydrous alcohol 
and an equivalent of oxalic acid, 0.126 
dissolved in an equal volume of the same solvent. 
15 ó.c, of each solution wee reserved while thó 
balance of the two solutions, containing exact 
equivalents for the normal salt, were mixed. 
The mixture remained quite clear but the 
salt did not crystallise on standing, nor when the 
solvent was slowly removed in a vacuum desiccator. 
When the alcohol had entirely evaporated there was 
left a colourless transparent jolly which gradually 
hardened to a solid of glass-like consistency and 
appearance. There was no sign of crystallisation, 
Similar entirely negative results were obtained wheü 
alcohol 98%, 9% and 60% were each in turn used. 
41. 
It was apparent alcohol was not a suitable 
medium for crystallising this salt so the solvent 
was removed by evaporation under reduced pressure 
and the transparent residue dissolved in 10 c.o. 
warm water., the substance. was extremely soluble 
but the solution was distinctly cloudy and there was 
a suspicion that the salt was probably undergoing 
slight hydrolysis in the aqueous solution, the 
warm solution was cooled slowly and gradually 
concentrated in a vacuum desiccator but no 
crystallisation. took place. 	it was evident that 
the normal oxalate, was not readily crystallisable, 
so the alhaloida3. •restthze was dissolved in 20 cc. 
anhydrous alcohol and the solution divided into two 
equal parts. To one of these was added the 
reserved .16 c.c.Ejacine solution and to the other 
the reserved 15 c.e, acid solution, thereby forming 
solutions of the basic and acid salts respectively, 
It is convenient to discuss these 
separately. in the case of the acid salt the 
addition of a second equivalent of oxalic Old 
caused no apparent chanëe in the solution, so after 
filtration, the solution was S1QW17 concentrated in 
a vacuum desiccator. No crystallisation took place 
and eventually only a pale yellow syrup remained, 
the same disappointing results were experienced with 
diluted alcohols, 90%, 60% and 45% being each used 
In turn. water was equally a failure as a 
crystallising medium. in each instance only a syrup 
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remained and it was observed after each operation 
that this syrup darkened in colour so that from a 
pale yellow to begin with it became reddish brown, 
Having failed to crystallise the salt it 
was resolved to see if precipitation methods would 
be any more successful. The brown syrup was 
accordingly dissolved in 2 ó.ø, anhydrous alcohol 
and poured into 60 e.e. ether# a white cloudy 
precipitate formed immediately but instead of 
subsiding the substance slowly redissolved. As 
this was probably due to traces of water in the 
solution the experiment was repeated using anhydrous 
ether. 	The silt was recovered from the ether 
solution and dried in a vacuum desiccator until only 
a hard transparent varnish-like residue remained. 
This was rédiliolved In  o.co anhydrous alcohol and 
poured quickly into 50 c,c, pure ánbydrous ether. 
A copious white precipitate was immediately formed 
which rapidly clotted together on the bottOm of the 
vessel. After a few minutes a brown patch was 
observed in the precipitate and this rapidly 
Increased in size, The ether was sucked off on  
Buchner funnel and the white precipitate collected 
on the filter but even before all the ether had 
filtered through., this was shoving ,signs of 
discoloration. When the ether was entirely removed 
it darkened very rapidly, absorbing moisture from 
the atmosphere and .forming a brown viscid mass. No 
further experiments were possible but it is evident 
that this salt is very hygroscopic and Shows. a 
strong tendency to roe LuSty. 
• 	$ae basic exalato proved to be very 
unstable. It could aç.tbe cryatatlisod from strong 
alcohol, and during attempts at crystallisation from 
dilute alcohol the base appeared to break 4ct Lao 
simpler products. One of these orystallised out 
in the, form of long needle-like crystals, but the 
quantity was too smell to allow of any investigation 
beyond determining that it contained neither nttroge, 
nor. oxalic acid. 
BASE C. 
The ethereal •solution which contained this 
base was first distilled at a temperature not 
exceeding 500 until most of the ether had been 
removed. The concentrated liquor was hiftly. 
coloured although the original solution had been 
virtually colourless.. . it was washed from the flask 
with dilute sulphuric acid and tittered into a 
separating funnel. The addition of a large volume 
of strong caustic potash liberated the, alkaloid as a 
dense white precipitate..This Was taken up by 
shaking with successive, volumes of ether in the 
course of which much trouble was caused by..the 
precipitation of considerable quantities of.potaasiuj 
sulphate. later experiments confirmed that the use 
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of hydrochloric acid is preferable to sulphuric acid 
In extraction processes like the above involving 
caustic potash and ether, as potassium chloride is 
more soluble in strong alkaline solutions and is not 
precipitated on the addition of ether.. 
Jie alkaloid was now recovered from the 
mixed ether liquors by allowing .these to evaporate 
slowly in an open basin. The alkaloidal residue 
was a pale brown viscid substance and obviously 
required further purification. it was redissolved 
in dilute hydrochloric acid and on addition of the 
acid considerable effervescence was observed 
showing the ether had taken up some of the alkali 
during extraction. 
••e resulting acid solution was still 
slightly coloured and after filtration the alkaloid 
was again liberated by the addition of an equal 
volume of strong caustic potash. . The resultant 
precipitate was very dense and copious and quite 
obviously had absorbed . a considerable proportion of 
alkali and other inorganic material0 it was audked 
oft on S Buchner tunnel but attempts to wash it free 
from inorganic impurities Were only partially 
successful, and as part of the alkaloidal material 
was also taken up there was a strong suspicion that 
more than one base was present. 	. 
The alkaloidal precipitate was accordingly 
again dissolved in dilute bydiochloric acid to which 
solution were added the above washings. As it was 
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considered that theoontamtnating alkaloid might be 
ajacine, the solution was made alkaline with ammonia 
before precipitating in the usual  way with caustic 
potash. As expected, the ammonia caused a 
substantial precipitate which was removed by shaking 
with ether. This ether solution was reserved for 
further treatment. 
As a result of this Preliminary extraction 
in the presence of ammonia, the aqueous liquor was  
practically colourless. The alkaloid was again 
recovered by precipitation with caustic potash and 
extraction with ether and after evaporation of the 
solvent remained as a soft pale brown jelly-like 
substance. With this was associated a small 
aqueous residue containing the usual inorganic 
impurities. As the presence of this aqueous liquor 
rendered the alkaloidal extract unsuitable for 
crystallisation, it was again dissolved in dilute 
hydrochloric acid and reprecipitated with potassium 
hydroxide* The precipitate was very dense and much 
whiter than hitherto. It Was sucked off and dried 
In a vacuum desiccator over phosphorus pentaxide. 
Meanwhile the strongly alkaline mother liquor when 
tested for alkaloids with Mayerts reagent was found 
a 
to give/definite positive response, and after 
standing for a tow days clusters of noodle shaped 
crystals were observed to grow in the solution. 
These were sucked off, dried and reserved for 
ia, 
examination. later. 
Meanwhile the precipitated base had dried 
to a light chalk-like consistency. yield 2'2.0 gm, 
With a view to crystallization, it was dissolved in 
a small quantity of 95% alcohol, forming a pale 
brownish coloured solution. A small quantity of 
potassium carbonate remained insoluble and was 
filtezed off. A further quantity was precipitated 
on staqdin& and it was apparent that the precipitated 
alkaloid had absorbed a considerable amount of 
caustic alkali which was being slowly deposited as 
potassium carbonate on Standing. To facilitate the 
removal of this material, a Stream of carbon, diide 
was passed through the solution until precipitation 
of the carbonate ceased, ThIs was removed by 
filtration and the solution set aside. After slow 
concentration the substance was eventually induced 
to crystallize in the form of compact massee of hard 
prismatic crystals. After recryatallisation from 
the same solvent these were obtained as large 
glistening well-defined prisms which melted sharply 
l65-l66, 
For the estittatton of water of crystallisat*ou 
the crystals were dried over phosphorus pentoxide 
at 1000 in vacuo, 
17958 mg. substance lost .022 mg, when 
dried for 5 hours at 1000 under high vacuum 
O'12%. 
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The base therefore contains only traces of adhering 
Stature and no water of crystallisation. This was 
confirmed by two further experiments on other 
samples of the alkaloid, both of which on being 
dried as above showed no lose in weight whatever, 
With a view to 4etermtning the percentage 
ccQnposition of the alkaloid the following analyses 
were carried out, 
3769 tug. substance yielded 10.130 mg,CC 2 
and 3'200 tug., H2 0 
Carbon 73o3 ; Hydrogen 943%. 
4'165 tug, substance yielded 0•142 coo. w 
at 766/17° 
Nitrogen 4'o4%. 
3916 tug. substance yielded lo.Slo mg,Co  
and 3'15 mg R20 
Carbon 73.20% : Hydrogen 8o94%. 
3'660 tug. substance yielded 013o c.e., LT 
at 148/16° 
z N1tropn 4.24g. 
EM 
Found 	 1 	0 	I 	H 	IN 
(1) . 	 73'3 9.43 4•04 
(2.) 	
. 73.20 	. 8094 4°24 
Calculated for 
C211131N% 	 73'ol 	9'05 	4•06 
These results, which show good agreement 
with the theoretical, establish for this alkaloid 
the formula 021k 31b103 and this has been further 
confirmed by -the analysis of certain salts of the 
base notably the oxalate - and picrate0 Although 
this formula does not agree with that suggested by 
vblker, a study of the properties of this compound 
leaves no doubt that It is identical with the base 
previously Isolated and described as ajaconine. 
The molecular weight was determined by 
Rest's camphor method with the following results. 
4-118 mg. ajaconine:dis.solved in 39719 mg,.camphor 
Depression 	= 13 0 , 
Molecular Weight = 319. 
After allowing for experimental error this 
confirms with some certainty the molecular weight 
of 345.5 calculated from the above formula and 
therefore that this empirical formula corresponds 
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to the true formula of the base. 
!lte equivalent weight of the base was now 
determined by volumetric methods. The pure 
crystallised ajaconine wai dissolved in excess N/So 
sulphuric acid and back titrated with N/So sodium 
hydroxide.. The end-point using phenolphthalein as 
an indicator was quite sharp and the equivalent thus 
obtained by this titration was 34.5. This shows 
close agreement with the calculated molecular weiit 
of 345°5 and is therefore further confirmation of 
the true formula of the base as established by the 
above molecular weight determination. 
As above obtained, ajaconine, C21B31NO3 , 
occurs in large well-defined glistening prisms which 
are anhydrous and do not lose their lustre on 
exposure, it is readily soluble In the usual 
organic solvents - alcohol, ether and chloroform, 
and can be crystallised from 95% alflh•ol. 	It is a 
•strong base liberated from its salts by caustic 
potash but not by weaker alkalis such as •ancnia0 
The optical rotation was measured with 
the following results. 
0.1612 gin.ajaconine in 10 c.c.chlorofon.  
Temperature V? ° 	 in 1 dm.tube. 
( 'r°• LdJ -  0 133 in chloroform (c, 1o612), 
So. 
AJACONfliE O%ALAT. 
vblker.ported that the salts of ajacon 
showed little inclination to crystallise, and on 
account of the limited amount of material at his 
disposal he confined his experiments in this 
connection to the formation of the gold, platinum 
and picric, acid compounds. 
As no work seemed to have been done on the 
forliation of Salts with some of the simpler organic 
acids this appeared a promising field of investig-
ation and a beginning Was made with the oxala te. 
AS there were at least two possible salts of this 
acid - the normal and acid salts - it was decided 
to combine one equivalent each of the acid and the 
base, thereby forming the normal salt and to add a 
second equivalent of the acid later.  
Accordingly '366 gmo of the ajacoriine were 
dissolved in 10 c .c. anhydrous alcohol and to this 
was added an exact equivalent of pure oxalic acid in 
the sane solvent. The resulting mixed solution 
remained clear and colourless, It was slowly 
concentrated in vacua but no crystallisation took 
place although there was distinct evidence of it on 
the sides of the vessel outwith the liquor. 
Eventually a syrup remained which on further drying 
to a g3,assy fthu showed a distinci, radial structure. 
Apart from this there was further evidence of 
crystallisation at one point where numerous fine 
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needle crystals having grown out at the syrupy 
liquid were clustered together on the side of the 
vessel. Sufficient were collected to enable a 
melting-point to be taken and it was observed the 
substance softened and charred slightly at 232 0 , 
finally melting with decomposition at 234 0 . 
Meanwhile the residue was  redissolved in 
anhydrous alcohol but all attempts atorystaflisati 
were unsuccessful. Alcohols 95% and 90% were also 
tried 'out each time with diminishing, success and as 
the presence of water seemed to be a hindrance 
rather than a help, further experiments with diluted 
alcohols were, abandoned. Acetone was also used  but 
the salt was almost insoluble  in this solvent. 
Crystallisation having failed prectpttat 
methods were now employed. After evaporation of 
the residue to dryness it was dissolved in a small 
quantity of anhydrous alcohol and poured into a 
relatively large volume of anhydrous ether, The 
salt was precipitated as a fine milky suspension 
which quickly  adhered to the walls of the vessel 
and by forming  a hygroscopic gummy mass which choked 
the filter defied all attempts to separate it from 
the solution. 
Having thus failed to prepare the normal 
oxalate the entire salt was dried in vacuo and 
.redissolved in anhydrous alcohol. A second 
equivalent of oxalic acid was now added and the ole 
solution :concentrated in a vacuum desiccator. The 
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results to begin with were again disappointing, a 
transparent glassy residue remaining. This was 
redissolved In 95% alcohol and surprisingly it was 
not now so readily soluble as hitherto. Whereas 
10 c,c6 anhydrous alcohol had been ample to dissolve 
the residue of the normal oxalate without heat., the 
acid salt now required 30 c.ca and it was necessary 
to warm the solution. The results on this occasion 
were more successful and after concentration of the 
solution In vacuo, the salt crystallised in the form 
of bright glistening needles, many In the form of 
small rosette clusters, others singly or in pairs. 
fliese were removed and purified by recrystallization 
from 95% alcohol. 
The resulting crystals were cmall glisten 
needles which on drying in vacuo retained their 
lustre. They melted sharply with decomposition 
234 	2350, and are therefore identical with' the 
crystals obtained during the attempted preparation 
of the normal salt. There was no loss In weight 
when they were dried over phosphorus pentox.tde for 
several hours at 1.000 under high vacuum. They 
therefore contain no water of crystallisation, 
in other to confirm that the acid salt had 
been prepared the oxalic acid In the molecule was 
estimated as calcium oxalate. Qily. a small quantity 
of the salt was available but the estirratton: was 
carried out with great accuracy and a control experi-
ment demonstrated that results could be obtained to 
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within a very small percentage of error(l.4$). 
jhe salt was dissolvód in a small quantity of water 
and by the addition of excess calcium chloride in 
the presence of ammonia the oxalic acid was  
completely precipitated as calcium ozalats. This 
was carefully filtered off, washed with hot water 
and. dissolved in a inin!num of dilute hydrochloric 
acid. 	This solution was then acidified with 
dilute sulphuric acid and titrfled with u/to 
potassium permanganate. 
Found 	02H2 O4 	 = 20.55%. 
021H311103 C2H2 04 requires C 2 H 
 2 0
4 . 2067%. 
This result was in very good agreement with 
the theoretical and proved definitely that the 
substance was . the acid salt, 
jtze crystals were now analysed in order 
that the percentage composition of the substance 
might be determined. 
4 , 314 mg. substance yi.el4ed 10.10o mg.002 
and .3 040 ms. 
= Carbon 63.855t S Hydrogen .7'83%. 
5'542 mg. substance yielded 0.15$ °'c. N 
at 759/18° 
Nitrogen 3°3% 
54. 
C 	lu 	I 
Found 	 63°85 	783 	3.33 
a n 
2133. 3 224 	 63°45 	764 	3'22 
requires 
These results show good agreement with 
the theoretical and not only confirm the suggested 
formula 001H31N03 42H204 for ajaconine acid oxalate 
but also the formula of the base itself. 
A titration experiment was now. carried out 
to determine the equivalent weight of the compound. 
Being the acid salt of a dibasic acid the equivalent 
weight of the substance should be equal to its 
calculated molecular weit. The salt was dissolved 
In an excess of N/60 sodium hydroxide and back 	- 
titrated with w/50 sulphuric acid. Phenolphthalein 
was used as an indicator and quite a sharp end-point 
was obtained. 	jte equivalent weight as thus 
determined was 438 which is in very close agreement 
with the calculated, molecular weight of 43595 
corresponding to the formula C23.E3 003 C2!i204 . 
AJACON'INACaTA?E.• 
Having been successful in preparing an 
oxalate or ajaconine in pure crystalline form, 
attempts were now made to prepare salts of this base 
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with other simple orpnic acids, notably acetic 
acid. The rnethQds employed in makina the oxalate 
were again followed. Calculated equivalent 
quantities of the pure crystallised ajaconine and 
glacial acetic acid were separately dissolved in 
anhydrous alcohol and the solutions mixed. The 
resulting solution of ajaconine acetate was neutral 
to litmus and was concentre ted very slowly in vacua 
to a. syrupy liquid which did not crystallise. 	In 
• vacuum desiccator this syrupy residue hardened to 
• transparent film which on exposure thawed itself 
to be very hygroscopic, flrther attempts were made 
to crystallise this salt from 90% alcohol but on 
each occasion the same syrupy hygroscopic residue 
remained. and it was apparent the substance was not 
readily crratallisable, 
The preparation of the formate was also 
attempted, but as this compound was even more 
hygroscopic and equally diruicult to crystallize 
experiments in the toraation of these salts were 
discontinued. 
AJAQQNI1U PICRAT?, 
Havinp, experienced difficulties in 
preparing crystalline belts of a5acontne it Was 
decided to try precipitation methods. Alkaloids 
as a rule fonu well defined compounds with picric 
acid and as these are usually insoluble in aqueous 
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or acid media they can very often be obtained by 
precipitation in an amorphous condition. Vólker. H; 
had already made some preliminary investigations 
on the picrate of this base and although his results 
were indifferent, it was decided In the first place 
to iñvestiate the possibilities of his method. 
To a solution of ajaconine (1%) in dilute 
hydrochloric acid (J/5)*aa added an excess of 
piano acid in 1% solution. Hydrochloric acid of 
low concentration was. deliberately used as v4lker 
stated that strong acid prevents precipitation of 
the picr'ate. 	it Was therefore surprising when no 
precipitation occurred and the experiment was 
repeated using a 5% solution of the base In just 
sufficient dilute hydrochloric acid to dissolve it.. 
The first addition of picric acid caused the 
immediate formation of a yellow precipitate which 
quickly coagulated to a glutinous --ass and adhered 
to the sides of the vessel, 	flanther additions of 
picric acid were made till precipitation of the 
picrate ceased but It was found impossible to filter 
this substance on account of its viscid properties, 
and sich as could be removed from the vessel 
immediately choked the filter. Furthermore it was 
now found that the precipitation of the ptcrate had 
by no means been complete and a. large proportion 
still remained In solution, On exposure this 
substance formed a gelatinous shin on the surface 
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of the liquor which still further hindered 
filtration. Ptan these experiments it is obvious 
ajaconine picrate Is much more soluble than the 
usual alkaloidal picrate.s and for this reason alone 
preparation of this substance by the above methods 
Is not tabs recommended, especially when there is 
added to It the difficulties of filtration. Vblke 
makes no mention of these difficulties and claims to 
have isolated S .pirate of indefinite melting-point, 
115120
0 , but did not have sufficient to enable him 
to carry out an analysis of the product, In the 
light of my experience his claims in this respect 
are open to doubt and it is significant that the 
rnelting-pótnt of his pLants is virtually the same 
as that of pioric acid itself, 
It was now decided to combine the picric 
acid and the base in anhydrous alcohol and in order 
to avoid, as far as possible, having excess of the 
acid the calculated molecular proportions were used. 
A transparent yellow solution resulted which was 
very slowly concentrated in a vacuum desiccator. 
No . crystallisation took place but on the contrary, 
as the solution slowly evaporated the picrate 
'Sparated as a soft mobile yellow substance after 
the manner of a heavy oil from water. on further 
evaporation this substance hardened to a transparent 
yellow film on the bottom of the vessel.. Similar 
results were obtained using 60% alcohàl. 
5$, 
As picrates are known to crystallise 
fairly readily from benzene the dried residue 
described above was digested in a water-bath 
with tour successive portions of this solvent. 
Although the substance did not appear to be 
very soluble the solution was coloured an intense 
yellow. This at benzene solution was set aside 
it no crystailteation took place either oncooling 
or after the solvent had been removed byslow 
evaporation in vacuo. Instead there remained 
the familiar transparent yellow residue which was 
surprisingly, small in quantity considering the 
intense yellow colour of the solution and is an 
indication of the slight solubility of the picrate 
in benzene. 
46 It seemed most improbable that this 
substance would crystallise, precipitation methods 
were again resorted to. on account of the relative 
insolubility of the picrate in benzene this liquid 
was an obvious first choice. The substance was 
dissolved In a small quantity of anhydrous alcohol 
and poured quickly into the benzene. The results 
were disappointing for although a tine precipitate 
formed itooujdnot be filtered off and settled out 
on standing as.the familiar transparent, varnish. 
Much better results were Obtained using 
pure anhydrous ether. The picrate was again 
dissolved in a small quantity of alcool and this 
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solution poured into ten times its own volume of 
anhydrous other. A copious yellow precipitate was 
immediately formed and within half an hour had 
completely subsided. It was quickly sucked off 
on a Buchner funnel, washed liberally with dry 
ether and dried over calcium chloride in a vacuum 
desiccator, it is necessary to continue washing 
with ether until afltraces of alcohol have been 
removed otherwise the precipitate on drying hardens 
to a tough glue-like mass.. 
Meanwhile a control experiment was carried 
out and it was demonstrated that under the same 
experimental conditions piano acid itself is not 
precipitated when poured into ether. This showed 
that the picr'ate was unlikely to contain as an 
impurity any appreciable quantity of free picnic 
acid. 
As thus obtained ajac.onine picrate is a 
pale yellow amorphous powder. It is very soluble 
in alcohol and fairly- soluble in water, but almost 
Insoluble in benzene, ether and chloroform. 	té 
melting-point Is indefinite. Although the 
substance sinters as low as 65_700  it does not melt 
until 95.980 . 
In order to establish the composition of 
this picrate an estimation was made of its nitrogen 
content. 
60; 
2•876 mg. ajaconine plants yielded 
0'233 C.Oc N. at 755/13 ° 
Nitrogen 962%. 
Found N 	 = 9'62%. 
0 
21
% 1NO3 .C6112 0U(NO2 ) 3 requires N = 9.75%.. 
This result is in, good agroewent with the calculated 
quanbity, and as other possible combinations 
involving two or more molecules of picric, acid 
would contain larger percentages of nitrogen the 
formula of ajac.oaine picrate is shown to be 
C21H31NO3 '06B203(NO2 ) 3 . Incidentally this is 
further • indirect confirmation of the formula of 
the base itself. 
Meanwhile the crystals unexpectedly 
recovered from the strongly alkaline ajaconirte 
mother liquor were examined. . These were obtained 
in clusters of stout needles, molting-point 95-98 0 , 
and gave the usual alkaloidal reactions. As 
ajaconine has .,s.higher malting-point this substance 
was obviously a now alkaloid and as it had origin-
ally crystallised from an aqueous medium attempts 
were made to recrystallise it from water, 	jtieae 
were only partially successful inasmuch as the 
.crystals so obtained still showed an indefinite 
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me ltiñg-point.. 
O'l gm. of the original crystals were 
dissolved in hot water and as expected were not 
very soluble, ion c..c. water being required. 
Nevertheless crystallisation did not take place 
Immediately on cooling and was only effected when 
the solution was concentrated on a water-bath to 
about ono-fifth of its volume, Crystals then 
appeared in the hot liquor and were filtered off 
on cooling., As thus obtained the alkaloid was in 
the form of long fine colourless needles, the 
melting-point of which was still indefinite from 
95 0 to loon. The phyatcal and chemical properties 
of this base ,await further study, but meanwhile it 
was demonstrated by experience that although this 
alkaloid 18 not precipitated from acid solution by 
ammonia it can be extracted completely from 	- 
annoniacal solutions by shaking with ether,  
The ethereal solution mentioned on page 45 
now came up for attention. This was obtained by 
extracting a solution of crude ajacolne with ether 
after making alkaline with ammonia, and in addition 
there were present other ether extracts believed 
then to contain ajaconine and obtained during the 
extraction of Base B. These mixed ethereal liquors 
were allowed to evaporate and the alkaloidal residue 
dissolved in dilute hydrochloric acid. After 
filtration this solution was made alkaline with 
ammonia and the ajacine removed by one extraction 
with ether. The remaining aijmlqj4s were 
precipitated by caustic potash and also taken up 
by ether. When this latter ether extract was 
evaporated to dryness, a considerable quantity of 
alkaloid remained in hard cake-flke'maa3ea which 
being of a. brownish colour were not yet pure ena'agi. 
for .crystallisation. This residue was accordingly 
redissolved in dilute hydrochloric acid and to 
remove possible traces of ajacine was made alkaline 
with ammonia and shaken with other0 very little 
.ajaclne was present ao no precipitate ' was formed 
on addition of the ammonia. Nevertheless the . 
alkaloids present were almost entirely removed from 
the 4mon1acal solution by continued staking with 
the ether, which was ...surprising, as this base was 
thought to be ajaconine.  
on evaporation of this ethereal solution 
a colourless and partly crystalline residue remained 
which was conaidered sufficiently free from obvious 
impurities to be crystallisable. 
It was accordingly dissolved in 95% alcohol 
forming a pale brown solution which was concentrated 
in vacuc. zhe base eventually ..cryatalliaed in small 
nee dles 	Thesewere slightly colonred, but white 
transparent crystals, melting-point 108-1100 . were 
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obtained by recrystallisation from the same solvent, 
Work is still proceeding on this bass, but from 
information already available it is almost certainly 
identical with the base which crystallised from the 
strong potash liquor after precipitation of 
ajaconine. 
The aólution containing these presumed 
weak bases had been obtained by a preliminary 
extraction of the original acid liquor with 
chitrof arm • These chloroform extracts which were 
much coloured were now distilled under reduced 
pressure' and the chloroform recovered, The 
concentrated liquor was dried by further evaporation 
in vacuo until reduced to a dark brown semi-solid 
mass. The yield of totSl impur wek'bases thus 
obtained was 5'12 OMO This gummy residue was now 
extracted with successive quantities of dilute 
sulphuric acid until only a hard brittle resin 
remained, This still retain'ed alkaloid whiOh was 
very difficult to remove by acid extraction and 
required special treatment. The difficulties arose 
principally from the insoluble nature of the resin 
which prevented the alkaloid coming in contact with 
the acid. To overcome this disadvantage the 
resinous substance was diasolved in a small quantity 
of alcohol. It was very soluble and dissolved 
readily. The concentrated alcoholic solution was 
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then poured intp a large volume of dilute acid. 
which precipitated the resin in a fine state of 
division and dissolved out most of the alkaloid. 
After filtration the acid solution was added to 
the principal acid extract.- This process was 
repeated three times in all before the residue 
was finally exhausted. 
The mixed acid liquors were made alkaline 
with ammonia and a dense white curdy precipitate 
was formed. This proved to be readily, soluble on 
shaking with ether and as the ether solution showed 
an Intense blue fluorescence the bass was. assumed 
to be ajacine. The ethereal extract was accordingly 
worked up in the manner already described under 
Base A and although the continual Occurrence of 
resinous Impurities caused considerable <rystalliss 
ation difficulties, sufficient of the pure anhydrous 
material was obtained to confirm its identity. 
When the anhydrous alkaloid was prepared by the 
spontaneous evaporation of another .solution of 
the base it showed a melting-point .70-73 °. This 
was in very good agreement with the melting-point 
(70-75 0) of a sample of anhydrous .ajscine. prepared 
in a similar manner from the pure crystalline 
material.. 
As the alkaline mother liquor after removal 
of ajacine still contained considerable quantities 
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of alkaloid it was shaken with chloroform till 
exhausted. 	investigation of a sample of this ltquo, 
revealed that the aikalbidat Oxtract was very stmila1 
If not identical with the extract containing Base B. 
There seemed no point, therefore, in carrying on a 
separate tnveati€a.tion and the two chloroform 
solutions were accordingly mixed. The alkaline 
mother liquor now contained no further alkaloidal 
material and was rejected, 
While this diversion did not reveal the 
presence of any new bases, nor any better methods of 
isolating those already known, it was an interesting 
practical confirmation that ajacine is decidedly a 
weak base forming compounds readily hydrolysed in 
aqueous solution. As expected, no ajacontne was 
present in this extract, 
EASE B. 
The chloroform solution containing Base B 
was pale reddish brown in colour and was obviously 
much contaminated with the resinous and other 
Impurities which had given such trouble in previous 
extractions. 	The solvent was removed by distill- 
ation under reduced pressure and the residual liquor 
concentrated to a soft extract in the usual way. 
ibis alkaloidal residue was dissolved in dilute 
sulphuric acid and the solution filtered, thus 
removing much of the resinous impurity. The filteri 
liquor was now made alkaline with ammonia and a 
small quantity of ajacine, which was thereby 
precipitated, was removed by shaking with ether, 
The principal alkaloid was now extracted with 
chloroform, the residue on removal of the solvent 
being now much paler In colàr and obviously as pure 
as could be attained by these methods, 
Crystallióation experiments carried out on 
;saiall samples of thiè material revealed ti fact 
that of various solvents used,'acetone alone seemed 
likely to be productive of good results, the 
residue was accordingly dissolved in pure warm 
acetone in which it was very soluble, forming a 
reddish' brown solution. 	is'waa filtered and 
allowed to stand for two days during which time 
considerable evaporation took place, the solution 
being now reduced to the consistency of a thick 
syrup. Although no crystallisation had taken place 
signs of this were not lacking round the aides of 
the vessel and it was not surprising when the additi 
of a little acetone caused the precipitation of a 
fine crystalline powder from the supersaturated 
solution. This Was carefully filtered off, washed 
with acetone and dried in vacuo. The washingewei.e 
added to the mother liquor which was again 
oncentratect and yielded a further quantity of 
talline material. 	This process was repeated 
t times In all with diminishing results, until 
alkaloidal mass gave no further yield to this 
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treatment. 	it was then boiled with, acetone under 
a reflux condenser but the results were again 
negative and so far as this particular base was, 
concerned the residual mass was apparently exhausted. 
It may be remarked here that later work 'showed that 
this procebs could be carried out much more quickly 
by initial extraction with boiling acetone for one 
hour under .a'retlux condenser. Most of the 
alkaloid was thereby obtained in the first stage 
and the yield was complete by the third extraction. 
The residue was set aside for further treatment. 
The crystalline substance thus Isolated 
was a fine greyish white powder and tests showed 
that it was an alkaloid, 	By repeated crystail2.sati 
from acetone it was finally obtained pure in the Latin 
of large rhombic crystals which melted sharply 
210_2110. giey were found to be anhydrous., When 
dried for 6 hours over phosphorus pentoflde at loo0 
under high vacuum 
6'422 mg. substance lost 0012 rm. 
= 0119%. 
This loss is obviously due to adhering moisture.. 
The substance therefore contains no water of 
erystaflisatiort. 
An analysis of these crystals, was carried 
out to determine the percentage ca!poéttion of the 
base, and save the following results.. 
4030 ma. substance yIelded 9490 mg.002 
and 3°192 mg. fl2 0. 
= carbon 64.22% t Hydrogen 88o%. 
3674 mg. substance yielded Q'llo c.c. B 
at 784/24 ° 
Nitrogen 341% 
5s8 mg. substance yielded ii.eas mg.. 002 
and 30975 mg. H20. 
= carbon 64•20% .: Hydrogen 8.79%. 
C 	fl; 	N 
6422 	8'80 	3'41 
642o 8979 
Calculated for 
922037N06 	 64•21 	1 9°06 	•j 3•40 
The close agreement of these values Indicate 
that the base as thus crystallised Is  pure and 
homogeneous substance. To it is assigned the 
formula C22317N06 and , as it Is a new addition to the 
list of Delphinium alkaloids, with no previous 
@31? 
mention in the literature, the name of "ajacinine" 
is hers proposed for it... 
Ajacinine, melting-point 210,0211 0 . 
crystallises In large transparent orthorhombic 
crystals, which gradually lose their brilliance, 
on keeping. it is very soluble in alcohol, 
chloroform and acetone and appreciably soluble In 
water and ethers its aqueous solution is slightly 
alkaline to litmus. When a solution of ajactn5.ne 
in chloroform is allowed to evaporate slowly in an 
open vessel, the bass crystallises in an irregular ,  
ice-like formation and on standing this slowly loses 
Its transparency, becomtng opaque and white. This 
phenomena Is closely associated with the tendency 
of the orthorhombic crystals to lose their brilliance 
and although not yet accounted for, &s probably due 
to some change in crystalline structure 
melting-point remains unchanged by this development 
and the opaque substance can be reconverted into Its 
crystalline counterpart by solution in chloroform 
and removal of the solvent. 	 - 
A molecular weight determination was 
carried out by Rest's camphor method with the 
following results*  
0530 mg. ajaciriine dissolved in 5694 mg.camphor 
-.Depression 	= 9130. 
Molecular Weight = 400. 
to. 
Within the limits of experimental error this shows 
quite good agreement with the calculated molecular 
weight of 4118 and confirms that C 22R37N06 is the 
true formula. 
A titration experiment to determine the 
equivalent of this b4se was now carried out in the 
same manner as with the two other alkaloids, 
0072 gm. of pure crystalline àjsctninewas dissolvec 
In excess N/SO sulphuric acid and back tttrated with 
N/SO sodium hydroxide, methyl red being used as an 
indicator. Being a weak base the end-point was not 
sharp but a reading taken on the first colour change 
from pink to orange gave an equivalent of 4185, 
which is confirmatory of the calculated molecular 
weight of 411.5. 
optical rotation measurements were made on 
the pure crystalline substance. 
0'0389 tug. dissolved in 7 c.c.chloroform nO'5557%. 
Temperature rf 	cQ 0 + 29 in 3. din.tnbe 
J 
17° 
+ 52 ° in cbloroform(C, 05557). 
During all this work it was suspected that 
this alkaloid ajacMine mist be an acetone 
derivative formed by condensation of one of the 
unknown bases, with the acetone solvent during 
crystallisation. The iodoform reaction was carried 
out several times on the pure crystalline material 
7i. 
previously hydrolysed with caustic soda, but with 
inconclusive results.. A slight aroma of I•odofonn 
could be detected on each occasion but as the 
quantity of ajacinine used was very email, the 
sense of smell was not deemed a sufficiently 
accurate instrument to rely upon exclusively. it 
was therefore decided to determine the quantity of 
acetone, if any, present In the compound. For this 
purpose messing er's method as modified by Goodwin 
(1920) was regarded as the most suitable, 	in this 
estimation, iodine is added to the solution of 
acetone in the presence of excess caustic soda, 
lodoform ic formed and iodine equivalent to the 
acetone present is thereby used up. Excess of 
Iodine is taken up by the podium hydroxide but is 
liberated when the solution is exactly neutralised 
and can be estimated by titration with sp.djum 
thiosulphate,, using starch as an indicator. By 
difference the amount of iodine taking part in 
the todoform reaction is known and from this factor 
the acetone preáent can becalculated. 
For the purpose of this particular 
determination the compound had first to be hydrolysed 
to liberate any acetone which might be present, 
Accordingly 0°2760 gm. of the pure crystalline 
substance was introduced into a flask and dissolved 
in 10 c,Cs w/i sulphuric acid. 50 C.C. w/l caustic 
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soda was then added and the solution heated in a 
water-bath for .10 minutes, the flask being closed 
meanwhile with a loosely fitting stopper to prevent 
loss of acetone. Eaving taken steps to hydrolyse 
the suspected acetone compound, the flask was then 
attached to a condenser and the solution distilled 
until reduced to 25% of Its original volume. The 
distillate was carefully collected and etimated 
by iessinger's method as above described. per 
caparison a blank estimation using distilled water 
was carried out simultaneously. The result was 
entirely negative. No acetone whatever was present 
in the distillate and it 16 thereby confirmed that 
ajacinine is not a complex .alkaloid-acetone 
compound,'as was at once time suspected, but the 
alkaloid itself. 
tperiments in preparing both the normal 
and acid oxalates of this base were unsuccessful 
owing to the difficulties of crystallisation, 
Precipitation methods were also tried but these 
salts, especially the acid flit, are very 
hygroscopic and syrupy residues were the only 
results achjered, 
The alkaloidal residue from which ajacinine 
had been separated was now examined. After 
removal of the acetone, the dried powdered residue 
was a yellowish brown transparent substance which 
bore s•qme resemblance to powdered colophony resin, 
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Its solutions with various solvents, including 
dilute sulphuric acid, were characterised by a 
powerful green fluorescence. The substance is 
apparently amorphous and 80 far all attempts at 
crystaflisationbave been unavailing. Different 
solvents were used - alcohol, acetone, ethyl acetate 
benzene, petroleum ether and water - With varying 
results, but in no case was a crystalline product 
obtained. The substance was at first much 
contaminated with the other bases, especially 
ajacine and the unnamed base associated with 
ajaconlne but these were eliminated by one or other 
of the above solvents. 	The substance is almost 
insoluble in ether and petroleum ether and 
precipitation methods taking advantage of this 
were tried but with disappointing results. The 
p2ssibilities here have not yet been fully explored 
and experiments are stilt proceeding. 
The most satisfactory results of all these 
attempts to obtain a pure product were achieved with 
petroleum ether 40/600. After the failure of many 
of the crystallisation experiments, an effort was 
made to remove the impurities by extraction with 
those aolvar!ts, such as petroleum ether, in which 
the base itself seemed least soluble. Evaporation 
of the petroleum ether extract revealed a minute 
quantity of a white mtcro-crystalline powder which 
teats •showed to be an alkaloid. The melting-point 
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of this substance was Indefinite - about 75 0 - 
which was akin to that of the parent body. 
Therefore instead of dissolving out the impurity, 
It appeared as though the petroleum ether was 
extracting the base itself even though only in 
minute quantity. 
Accordingly 5 gm. of the powdered impure 
substance was extracted for one hour with 500 c.c0 
boiling petroleum ether under a reflux condenser. 
The solution was filtered off while warm and 
extraction continued with 300 c.•c, and then 200 c.c. 
of the same solvent. The mixed filtrates on 
cooling overnit were observed to deposit a small 
quantity of the base. She solution was distilled 
and when reduced to about 150 c.c. was poured into 
a beaker where the remaining solvent was removed 
by spontaneous evaporation. The residue, weighing 
about 1 	., was a fine white crystalline powder. 
This process of extraction was repeated 
several times tntfl.4 gm. of the base had been 
recovered. During this time the fine crystalline 
powder as first extracted seemed to lose its 
crystalline character to some bxtent and had changed 
to a nitt1e white solid which adhered to the sides 
of the vessel like caked sugar. The observed 
melting-point was indefinite between 75 0 and 850 ; 
Por further purification a portion of this material 
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was subjected to a second aeiióe of petroleum ether 
extractions but the results were disappointing. 
Not only did the substance appear even teas soluble 
than before but it showed a tendency to acquire a 
yellow tint and did not seem so pure. Further 
crys ta ilisation experiments on this partially 
purified substance were no•more successful than 
before, 
Although obviously not yet sufficiently 
pike, an analysis of this substance was carried out, 
The results did not indicate a suitable formula but 
show an interesting approximation to the correspondi 
figures for the associated base ajacinine. 
a 	a 	w 
Amorphous Base 	62.9 9? 	8 945 	3,47 
Ajacinine 	 64'22 
With a view to obtaining salts which might 
crystallise and lead to separation of the pure bass, 
a few initial experiments in salt formation were 
carried out. 	owing to lack of material these trial 
experiments were necessarily incomplete but 
sufficient Information was forthcoming to indicate 
176 9  
that these derivatvea have the disadvantage càmrnon 
to most of the salts of these alkaloids of being 
very soluble and' difficult to crystallise. 
hydrochloride and hydrobramide were both exceedingly 
hygroscopic,, while the hydriodide decomposed during 
concentraEóhrorming with the base an insoluble 
brown iodine derivative. The picrate was 
exceedingly'soluble for a salt of this type and 
could not be Isolated although experiments are still 
proceeding. Lastly this base does not seem to form 
a n,ethlodide, or If it does, this shows the same 
non-crys tallisablo tendencies. 
To sum up, the extract containing ease 
would appear to consist of two bases, one 
crystalline and the other amorphous. The latter 
base cannot be crystallised nor does it yield 
ez.ystallisable salts. 	Its solubility relationships 
are similar to those of ajaciatne. 	its aqueous 
solution shows a faint alkaline reaction and being 
a weak base can be extracted from acid solution by 
chloroform. 
NOTE ON FIXED OIL. 
an an:initial survey of this work it is 
immediately obvious that in their general chemical 
composition the seeds of Delphinium Ajacis thaw a 
family resemblance to the seeds of other Delphinium 
species and especially to. those of D$taphiaagrta 
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and D,consolida, whose seed constituents have been 
the moot fully investigated. A study of the 
physical and chemical characters of the fixed oil 
would appear to place it in the group of non-drying 
vegetable oils., although further information 
regarding its actual chemical composition is 
necessary before a final decision can be made. 
One interesting point is the unusually high 
acid value of 1322 which expressed as oleic acid 
indicates the oil contains approxImately 66% of tree 
fatty acids. The amount of tree fatty acids in 
commercial oils is often very considerable and is 
usually a variable factor depending on the method 
of production. 	For instance., in €9 samples of 
olive oil for lubricating use, Archbutt(1884) found 
from 22 to 251% of free oleic acid. Such 
excessive quantities are usually the result of 
preparation from fermented olive residues, but in 
superior grades of olive oil the proportion of free 
acid is much smaller. The. same remarks apply to 
many of the other oils found in commerce • It would 
thus appear that in most fixed oils as present in 
the living seed, fruit or other plant organism, the 
fatty acids are combined as glyceryl esters. It is 
therefore a remarkable fact that the seeds of this 
Delphinium species should secrete an oil in which 
such a high proportion of the fatty acids are free 
Ii 
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and not combined. Besides being an interesting 
biological fact raising much wider issues, it is 
perhaps one explanation of the remarkable 
insecticidal properties of the seeds of this and 
other Delphinium species. For instance, atavessoze 
(Delphinium Staphisagria) seeds have been used since 
the Middle Ages for the destruction of pediculi, 
and an ointment for this purpose was official in 
the British Pharmacopoeia. from 1885 onwards until 
it was omitted from' :the932  edition. AS it was ~ 
prepared by extracting the stavesacre seed with hot 
melted fat, it obviously contained most of the fixed 
oil from the àeedl. 	Further,, in an interesting 
paper, Williams (1914) described eperlrnents on 
larkspur (D. Ajacts) seed and proved conclustirely 
that the insecticidal value of extracts which he 
prepared was entirely due to the fixed oil present 
and not to their alkaloidal content, He gave no 
explanation of this fact but it seems to me not 
unlikely that it is connected with the high acid 
value of the oil. 
The low specific gravity of 0°905 is 
another unusual feature of this oil and 18 probably 
the direct result of the high acid content, me 
specific gravity Of oils belonging to the non-drying 
group range from .0.912 to 0920 but all contain 
relatively small quantities of the free acids. 	Qi 
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the other band, ,UV0 01014 acid of commerce has a 
specific gravity of 0.900,at 11,8 0 j (Alien's 
Commercial organic Analysis, 5th Ed. Vol.2 0 543) 
EQ that a high proportion of tree acid is bound 
to coincide with reduced specific gravity. 
Finally, it is of special interest to note. 
that Markwood(1924) in his work on the seed of 
t.Consolida and again in 1927 on the seed of 
D. Staphtaftgria. isolated and described the fixed 
oils and in both cases high acid values, and low. 
specific gravities are recorded. 
A question of some interest lies in the 
fact that few, if, any, known vegetable oils show 
such high acid values. Should It eventually prove 
true that this is characteristic of the delphinium 
oils, and of them only, the biological significance 
of the matter will have to be further explored... 
StJNMW. 
The, seeds of Delphinium Ajacis contain 
approximately 39% of fixed oil and 1% 
total alkaloids. 	The fixed oil, is of 
the non-drying variety and is characterised 
by a high acid value equivalent to 66% free 
fatty acids. 
Five alkaloids are present, four of them 
crystalline and one amorphous. of the 
four crystalline bases, ajacine and 
ajaconine had previously been described, 
while a third is a new addition to the list 
of Delphinium alkaloids and has been given 
the name ofajacinine, The fourth base 
has not yet been obtained in a state of 
purity. 
The formula C16821N(4 '1120  found for ajacine 
differs slightly from that suggested by 
vblker. A jacine Is a weak base and It has 
been confirmed that it forms basic salts 
of the type (se)2aCl. 	The oxalates of 
this alkaloid are very soluble, hygroscopic, 
and difficult to crystallise. 
The formula of ajaconine, stated by Vblker to 
be C171129NO2 is new found to be 021H31NO3 
and this is continued by an analysis of two 
of its compounds. 	It forms an acid oxalate 
0 H NO •C H 0, melting-point 234-235 ° 
21 31 3 2 2 4 
with decomposition,, which crystalltaès from  
alcohol in small glistening clusters of 
needles. By precipitation in anhydrous 
ether, a plants 
melting-point 95-98 0 0 is obtained as a pale 
yellow amorphous powder. 
new base, ajacinthe, melting-point 210-211 ° , 
has been obtained in large orthorhombic 
crystals by orystallisation from acetone, 
It has the formula 0221131/106 and is anhydrous 
(6) The amorphous alkaloid has not yet been 
obtained in crystalline form. 	It is very 
soluble in most organic solvents except 
ether and petroleum ether. The purest 
form of this base yet obtained was prepared 
by repeated extraction with.. petroleum ether, 
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